This paper is devoted to the numerical optimization of the dimensions of channels and current transfer ribs of bipolar plates as well as the thickness and porosity of gas diffusion layers. A mathematical model of the transfer processes in a PEM fuel cell has been developed for this purpose. The results are compared with experimental data. Recommendations of the values of operating parameters and some design requirements to increase PEM fuel cell efficiency are suggested.
Nomenclature (List of symbols)
d r
Width of current transfer rib (mm) d c
Width of the gas channel (mm) h Gas diffusion layer thickness (mm) Hydrogen pressure (bar)
Introduction
Proton exchange membrane (PEM) fuel cells are being developed worldwide for vehicle, stationary and portable applications. Optimization of the fuel cell stack components such as bipolar plates and gas diffusion layers is one of the main tasks for PEM fuel cell engineering. For example, optimization of the dimensions of channels and current transfer ribs (the so-called flow-field) of bipolar plates, and also the thickness and porosity of gas diffusion layers, pose a significant problem [1] [2] [3] [4] [5] . Earlier, the authors developed a twodimensional diffusion model of mass transfer processes in PEM fuel cells [6, 7] . This model showed that at specific operating current densities, diffusion limitations may occur in the gas diffusion layers. This work explores the problem further for gas diffusion layers of various structures and compositions taking into account ohmic losses and the sizes of channels and current transfer ribs of the bipolar plates.
Mathematical model

Model description and assumptions
A PEM fuel cell is a complex system whose performance is determined by the parameters of each individual component. Therefore, mathematical models that jointly consider the various processes in all the fuel cell components (see, for example, [8] [9] [10] ) are highly useful. Within the two-dimensional mathematical model devel-oped in the present study the assessment of the influence on current density of the bipolar plate and gas diffusion layer parameters, as well as the electrocatalytic layers and the membrane, is treated. Figure 1 shows all the characteristic areas of a fuel cell. The model specifies these areas separately and they are related through boundary conditions. The model describes the following processes:
• transport of reagent and water in the bipolar plate channels, gas diffusion layers, electrocatalytic layers and in the membrane; • the proton flux in the membrane and the electrocatalytic layer; • the electronic current in the electrocatalytic and gas diffusion layers and current transfer ribs of the bipolar plate; • heat transfer in all components.
The model involves the following basic assumptions: • the gas in the bipolar plate channels is ideal and flows at constant pressure; • there is no longitudinal component of gas speed (along the z axis) in a gas diffusion layer; • the pressures in the cathode and anode zones are equal; • all the mass transfer processes occur at constant pressure; • the catalytic layer has negligible thickness;
• the contacting surfaces of the bipolar plates and the gas diffusion layers have identical temperatures and are equipotential.
Governing equations and boundary conditions
The Stephan-Maxwell equation was used to describe mass transfer in the bipolar plate channels and gas diffusion layers. The distribution of gas flow in the channels was described by means of the Navier-Stokes equation for quasi-steady flow. The proton flux in the membrane and electrocatalytic layer was calculated using the Nernst-Planck equation. Thermal processes were described through appropriate heat transfer equations. When using a bipolar plate with a linear arrangement of channels and ribs (as for other types of bipolar plate) the surface of the electrocatalytic layer may not be equally accessible for a reagent transporting from the bipolar plate channels through the gas diffusion layers. Due to the increase in the diffusion length, additional diffusion limitations may occur for areas of electrocatalytic layer surface located opposite to current transfer ribs, contacting the gas diffusion layer (Figure 1 ). On the other hand, an increase in ohmic losses in the gas diffusion layer may occur in the areas above the channels.
An elemental section ''middle of rib to middle of channel'' (see Figure 1 ) was considered. Mass transfer in the porous gas diffusion layer was calculated using a second order equation:
The boundary conditions are Fig. 1 . Scheme of the cell components. 1 -cathode (air) channel, 2 -anode (hydrogen) channel, 3 -current transfer rib, 4 -cathode gas diffusion layer, 5 -anode gas diffusion layer, 6 -membrane, 7 -cathode electrocatalytic layer, 8 -anode electrocatalytic layer.
